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Objective of this Booklet

The objective of this document is to provide guidance and a smplified procedure for inventory and evaluation
of erosion and sedimentation within small watersheds. It isintended for use by Natural Resources
Conservation Service (NRCS) and Soil and Water Conservation District (SWCD) field staffs. This guide
summarizes and revises several earlier and more generalized attempts to estimate total erosion and
sedimentation within watersheds.

Purpose of RAP-M

RAP-M is an assessment used by NRCS/SWCD field personnel since the mid-1990's to produce an estimate
of the average annual rates of erosion and sedimentation by sampling small areas and expanding the results to
illustrate the condition of the entire watershed. This procedure was prepared for local use to determine the
magnitude of the erosion and sediment problem and to estimate additional technical assistance needs. The
results of this procedure assist in assigning priorities, measuring the expected effects of land treatment, and
evaluating the effectiveness of applied conservation practices. RAP-M can identify land treatment and
structural needs on many watersheds where erosion and sedimentation has been determined to be a water
quality problem.

NOTE: While this procedure was prepared for use on “ lake” watersheds, it is also applicable to water sheds
without a reservoir.

Overview of the Procedure

This procedure is a scaled-down version of that used by the NRCS Planning and Design Team to inventory
and evaluate PL-566 Watershed Protection projects. It does not include detailed inventories and evauation of
environmental, hydraulic, and economic parameters. This procedure, when used appropriately, produces a
good estimate of the watershed sediment problem.

RAP-M requires both field evaluations and in-office calculations to produce an estimate of the average annual
rate of erosion and sedimentation. This includes sample area selection, dope and watershed type
determination, channel and erosion measurements, and tillage system and ground cover determination. This
information is then used to calculate an estimated average annua rate of erosion and sedimentation. (See fig.
19 for an outline of the RAP-M procedure.)

Time Needs

Plan to spend roughly one day of work per 1,500 acres of watershed to complete all field and office work
associated with this procedure. This time frame relates to the smaller watersheds that are typica of Illinois

NRCS projects.

Personnel Needs

This procedure is designed for use by NRCS/'SWCD personnel who are familiar with field operations, tillage
systems, and residue cover. A RAP-M erosion and sedimentation inventory and evaluation should be planned
with the Field Operations District (FOD) Resource Planning Speciaist who can organize any necessary



assistance. The FOD Resource Planner also coordinates the efforts of field personnel with the assistance of
the NRCS Planning and Designh Team in the processing of data to ensure the consistency of erosion and
sediment inventories statewide.

Equipment Needs

No specid equipment is needed to complete the RAP-M inventory and evaluation. Be prepared to refer to the
NRCS Field Office Technical Guide (FOTG).

Programs

This procedure is applicable to all conservation programs and should be used to make the initial evaluation of
erosion and sedimentation for all special projects. The Field Office/SWCD can use this procedure to identify
and target needs in high priority areas for on-going conservation programs. It can also be used to evaluate
Priority Areas for EQIP projects and for possible PL-566 considerations.

Limitations

In order to use the procedure most effectively, it isimportant to keep in mind certain limitations. This system
is flexible and can be adjusted to fit al local conditions and situations, but is most accurate when used on
small watersheds. RAP-M has more limited practical use on large watersheds where field sampling becomes
less concentrated, resulting in less reliable and less applicable data. RAP-M will not identify all severely
eroding streambanks and is not to be used at the exclusion of more precise, measured data that is readily
available. RAP-M is not a monitoring system or regulatory device in any way, shape or form.

RAP-M is, however, accurate and reliable when used for planning purposes, producing soft data that can then
be used to estimate hard numbers.

What RAP-M IS

Snapshot of current conditions in a watershed

Estimate based on actual measurements and field evaluations
Way to evaluate and quantify natural conditions

An average annua rate of erosion and sedimentation
Accurate and reliable when used for planning purposes
Flexible system that can be adjusted to fit local conditions
Soft data that can be used to estimate hard numbers

Method of using statistics to compute reliable projections
Developed for small watersheds
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What RAP-M ISNOT

Not a monitoring system

Not hard data

Not to be used at the exclusion of more precise, measured data
Not site-specific

Not as reliable or applicable on large watersheds
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Pre-Field Procedure

1. Project Base Map Preparation

Assemble the most current aerial photos, soil maps, and quadrangle maps of the watershed. It is desirable to
have the maps at the same scale (either 4 inches = 1 mile or at the scale of the quadrangle maps) for easein
preparing a composite base map. The preparation of this composite map and future work can be simplified by
using amylar overlay to trace on. The increasing use of Geographic Information Systems (GIS) offers
tremendous potentia for future application. Using a GIS can increase the accuracy of all map measurements
and help precisely locate important sites in the watershed.

2. Delineation of Land Use

Place the mylar overlay on top of the aerial photo and outline the major land uses in the watershed or any
applicable subwatersheds. Capture areas of water, flat and doping cropland, grass land, woodland, urban land,
and any surface mined areas.

Cropland Slope Delineation: Using the land use overlay and the soils map, delineate any major areas of
soils which are primarily A dopes. These have relatively low sheet and rill erosion rates.

Types of Watersheds: Sample selection will be based primarily on slope and land use ddlineations. In
Ilinais, there are three general types of watersheds with different topographic features. The
inventory and evaluation of these types of watersheds should be performed somewhat
differently. These three types of watersheds are:

TypeA  Those watersheds which have large areas of primarily A dope land. These areas often can be
delineated as a separate unit from the more doping areas. The A dope cropland is generaly not
amajor problem in regard to erosion and sedimentation. The remaining B dope-and-greater
land is then the major area of concern for inventory.

Type B Those watersheds with characteristics and features intermediate between Type A and Type C.

Type C  Those watersheds that have rolling or steeply sloping topography with the slopes either
interspersed throughout the watershed or occurring primarily along the major drainageways.
Generdly, these types have alow percentage of A dopes. If present, they are usualy on the
ridgetops only.

Measurement of Land Use Area: Measure the acreage of each delineated land use on the composite
overlay map. Also measure the A dope area and B dope-and-greater area. Dot counting and estimating
acreage are faster but, of course, less accurate than using a planimeter. Roads should only be counted if the
areais extensive (i.e., in an urban area). If roads are measured, use an average width of 50-60 feet. (See fig.



3. Inventory Area Determination

This step is most critical and good judgment is necessary to select sample areas that are truly representative of
the watershed. A suggested size of 160 acres for each sample unit will allow evaluation of several fields at
each field stop.  Selection of areas to be sampled and the number of samples should reflect a weighted
percentage of the area based on drainage patterns, topography, soils, and cropping patterns. Example: if 75%
of the watershed contains similar soils, slopes, and cropping patterns, then 75% of the acreage sample should
beinthisarea. If only asmall but significant part of the watershed contains gullies, this portion, no matter
how small, still needs to be sampled to fully characterize the gully erosion situation.

Sampling Guidelines: Recommendations for this procedure are to inventory about 30 percent of a 4,000
acre or smaller area and about 15 percent for an area of 20,000 acres. Thus, for each 1,000 acre increase in
size for watersheds over 4,000 acres in size, reduce inventory area by 1 percent (from the 30 percent). For
watersheds exceeding 30,000 acres in size, use a 10 percent sample density. For example, using 160-acre
sampling unitsin a 10,000 acre watershed, approximately fifteen (15) 160-acre units would need to be
evaluated. [10,000 X (30%-6%) / 160 = 15] These sample units should also be selected “randomly.” To do
this, use random number tables or simply choose random numbers that would correspond to consecutively
numbered quarter sections delineated on a quadrangle map.

| n-Field Erogon Deter mination

Sheet and Rill Erosion

Within these sample units, calculate sheet and rill erosion loss using the Revised Universal Soil Loss Equation
(RUSLE). Use the Universal Soil Loss Equation (USLE) for woodlands and urban areas. Obtain a rate of
average soil loss for each of the major land uses represented. (Use fig. 9-10 for guidance.) On an inventory
summary sheet (see example fig. 3), record by sope group (column 1), the acreage of each land use area
(column 2). Using the erosion rate calculated above (column 3), compute gross sheet and rill erosion for the
current conditions by multiplying column 2 by column 3. Place this value in column 4.

Ephemeral Gully Eroson

Ephemera gully erosion generally occurs on cropland with B dopes and greater, but unless thereis no A dope
cropland in the watershed, sampling will need to include some of the A dope land as well. If not, the sampling
will be biased toward ephemera erosion. Normally, the area where concentrated flows occur can be visudly
distinguished in the field, whether or not a gully is present at the time. 1t may be difficult to determine where
the gully will begin on the upper end, but one can usualy determine the lower end of a potentia gully from the
much decreased dope gradient or stable outlet such as a grassed waterway.

Select the sample quarter-sections within the watershed which are adequate to truly represent the cropland
area. Datato be collected for each ephemerd gully in each sample areais:

1) Length of each ephemera gully,
2) Average dope of each ephemera gully, and
3) Tillage system used where each gully occurred.



Example Ephemeral Gully Inventory

Pre-Field

1. On the photobase (overlay) map, mark the location and approximate length of each ephemeral gully.
Show both existing gullies and aso areas where gullies are likely to occur. This could be done in the
office with good photos but will also require field observations and verification.

2. From the aeria photo, measure and record the ephemeral gully length.

3. Use the soils map and a working knowledge of soil dopes to estimate the average dope of the ephemera
gully and record.

Field
4. For each ephemera gully, record the tillage system used in the area where the gully occurs (See sample
example area below).

Example Sample Area - 160 acres
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Example Ephemera Gully Inventory
Gully No. Length % Slope Tillage
1 820 3 Chisdl
2 550 4 Chisdl
3 690 4 Chisdl
4 420 3 Chisdl
5 520 3 Conv. Plow
6 570 3 Conv. Plow
7 770 2 Conv. Plow



Example Ephemeral Gully Inventory (continued)

Evaluation
The evauation procedure is in the FOTG (NRCS Field Office Technical Guide) and can be used for refer-
ence.

Data Needs:

O Computation of ephemeral gully erosion for each sample area.

O Expansion factor of sampled area to the total cropland.

O Ephemera gully erosion study data which includes the ephemera gully erosion equation and Table 1 -
Soil Loss Factor By Length, Table 2 - Soil Loss Factor By Percent Slope, and Table 3 - Soil Loss Factor By
Fall Tillage.

Ephemeral Gully Erosion Equation:

Erosion (tons) = Mean tillage factor x length factor x slopefactor x tillage factor x ephemeral gully length (feet)

a) Erosion = Soil lossin tons from a single voiding
b) Mean tillage factor = A constant 0.069

c) Length factor = See Table 1

d) Slopefactor = See Table 2

e) Tillagefactor = See Table 3

f) Ephemeral gully length = Length in feet

Table 1 - Soil Loss Factor By Length Table 2 - Sail Loss Factor By Percent Slope
Length Erosion - Tons Per Length Slope Erosion - Tons Per Slope
Feet Linear Foot Factor (Percent) Linear Foot Factor
000-099 0.053 0.72 1 0.0750 1.15
100-199 0.055 0.74 2 0.0728 112
200-299 0.058 0.78 3 0.0706 1.09
300-399 0.062 0.84 4 0.0684 1.05
400-499 0.069 0.93 5 0.0662 1.02
500-599 0.080 1.08 6 0.0640 0.98
600-699 0.087 118 7 0.0618 0.95
700-799 0.090 122 8 0.0596 0.92
800-899 0.093 1.26 9 0.0574 0.88
900-999 0.095 128 10 0.0550 0.85
>1000 0.096 1.30




Example Ephemeral Gully Inventory (continued)
Table 3 - Soil Loss Factor By Fall Tillage

Fal Tillage Erosion - Tons Per Tillage Factor
Linear Foot

Moldboard Plow 0.089 1.35

Chisel Plow 0.069 1.04

Untilled 0.041 0.62

Computation of Example Quarter Section:

Gully No. Tillage Length Slope Tillage Length Erosion
Constant Factor Factor Factor (Feet) (Tons)

1 0.069 1.26 1.09 1.04 820 81

2 0.069 1.08 1.05 1.04 550 45

3 0.069 1.18 1.05 1.04 690 61

4 0.069 0.93 1.09 1.04 420 30

5 0.069 1.08 1.09 1.35 520 57

6 0.069 1.08 1.09 1.35 570 62

7 0.069 122 112 1.35 770 98
4340 434

Tota for example sample quarter section = 434 tons

Total the ephemera eroson from al fifteen of the sample quarter sections. Knowing how much eroson is
occurring in the samples, one is able to determine how much ephemera erosion is occurring on the total cropland.
If the sampling has been representative of the total cropland area, then A dope and steeper cropland areas will have
been sampled. For this example, assume the total ephemeral erosion from sampling was 2,170 tons.

Expansion of sampled areato the watershed is based on afactor of the total cropland areato the cropland acres
sampled:

Croplandarea = 7,970 ac.
Sampled area = 160 ac. x 15 = 2,400 acres sampled
Expansion factor = 7,970/ 2,400= 3.3

Therefore, gross ephemera gully eroson = 2,170tons X 3.3 = 7,161. Round up to 7,200 tons. This vaue now
becomes the estimated ephemerd erosion for the entire watershed. Record this value in Column 4 on the summary
sheet in the appropriate row (fig. 3).

Channé Erosion and Sediment Procedure

In Illinois, erosion from streambanks, gullies, and roadsides can be a major source of erosion in certain types
of watersheds. Sediment yields from these sources can directly enter the stream delivery system. Two
procedures, differing in amount of detail and field sampling involved, can be used to arrive at erosion and
sediment values for channels.

Note: Recommendations are to use the Detailed Procedure for all purposes other than a first-order
estimate for the watershed planning process. See Level of Detall for Erosion and Sedimentation
Studies (fig. 20).



The detailed procedure is much more field-oriented but has higher statistical significance. The procedure is
used to sample, measure, and summarize channel erosion and the sediment that it produces. This procedure
should be used in conjunction with the shest, rill, and ephemeral erosion measurements listed above to
complete the entire inventory that is necessary in a small to medium-sized watershed. It is assumed that the
inventory is conducted for an entire watershed, and that the watershed boundary has been marked on a (or
several) USGS quadrangle map. A channel is defined as a concentrated flow area greater than 1 foot in depth
and 2 feet in width and NOT destroyed by annual tillage operations. A vegetated waterway or other such
stabilized conveyance of water, with a W:D ratio of greater than 20:1, is excluded from this definition. Both
gullies and streambanks are included within this definition, as both are definitely channels. However, the
distinction between the two is immaterial because the procedure for measurement is essentially the same. For
informational purposes, generally a stream carries water on a perennia basis and agully is more apt to carry
only peak flows or intermittent water.

Refer to photos 1-5 for visual examples of the Average Annua Rate of Recession.

Detailed Sampling procedure:  To sample a small tract of land, it may be possible to walk ALL the
channels to gather data. To sample an entire watershed, this becomes impossible. Therefore, select a small
portion of the channels, measure these, and then expand this data to fit the complete watershed. To be
dtatistically accurate, approximately 5 to 20 percent of the channels should be measured, depending on the size
of the watershed. The larger the watershed, the smaller the percentage of channels that need to be
inventoried.

a On the quadrangle map(s) set up earlier to show the watershed, delineate the areas that are more steeply
doping, that is, where the lines on the map are closer together. These generally occur along the main
drainageways and streams. These are the areas of most interest, since the sampling areas should contain
75% or more of the channels that occur within the entire watershed.

b. Measure or estimate the number of acresin the delineated, sloping area. For example, if the entire
watershed is 10,000 acres and by plainimeter, measures 6,000 acres in the sloping part, then a 10 percent
sample would be 6,000 times 0.10, or 600 acres. Thiswould give a good estimate as to the amount of
erosion and sedimentation produced by the channels.

C. Use of the 160-acre sampling blocks set up for sheet and rill measurements makes the job somewhat
easier. SO, for the example, 600 divided by 160 equas four (4) of the 160-acre sampling units. Select
these four randomly throughout the doping part of the watershed. These sampling units now need to be
inventoried in the field for channel erosion.

d. Sdect severa channels within these units to walk and measure erosion. |If there is one main channel, be
sureto use it and any major tributariesto it. A good length of channel to chooseis 1,300 feet (one-quarter
mile) for streambank reaches and 500 to 2,000 feet for gullies. In bluff-type watersheds along the major
stream valleys, there may be so many channels that it becomes amost impossible to choose. 1n these
situations, select six or eight channels in arandom order, for example skipping every other one. The
length of each may be determined by scaling from maps or aerial photos, or by pacing or taping if the
channels are relatively short.

e.  Usethe Channel Inventory Form (figure 6A, form and 6B, example) to complete this procedure. The top
part of the form is self-explanatory. The formula used to calculate tons of erosion per year from that
channd is aso listed at the top of the form. To correctly complete the form, be sure to keep in mind that
there isaright and aleft side of every channel and that each side might erode at a different rate. Record
the starting point as well as the direction travelled when conducting the inventory, either upstream or
downstream. Both sides must be recorded. Therefore, to complete the form for a channel of 1,300 feet,
for example, the numbers on the channel inventory form should total 2,600 feet. In the Height column,
use only the height of the actively eroding slope segment, NOT the entire cut-bank. For example, where a
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stream cuts into a steep, upland ridge, often the entire exposed bluff shows signs of dumping or
movement. However, on closer inspection, only the lower three to four feet of the entire bank are actualy
undergoing active erosion by the stream on an average annual basis. The section above thisis feeding
fresh material down to it, but it isNOT being eroded by the bankfull channdl flow. (Seefig. 11-16 for
additiona information on the channd inventory.)

The lateral recession rateis taken from the attached chart (fig. 7- 8). Thisrateisaqualitative way to
assess width or thickness of eroding surface on achannel. It is used to estimate an actual quantitative
measurement. It is based on actua in-field observations and measurements made by the former MNTC in
Lincoln, NE (fig.12). Recession rates of eroding banks for Illinois streams and gullies typically range
from 0.05 feet 0.5 feet per year. Refer to photos 1-5 for visual examples. Vauesin the range of 0.05 feet
to 0.40 feet are the most typical in perennia streams and rates of 0.05 feet to 0.3 feet most typical in
intermittent flow channels. Stream banks with retreat rates of 1 or more feet per year do occur, but are
uncommon and not usually widespread within a given watershed. Apply the rates as uniformly and
consistently as you can aong both sides of each channel. Remember, these numbers are used to obtain
average annual rates, not those that occur after a 4-inch rain that washes out a bridge abutment. Thisis
the same principle used with USLE and now RUSLE. Ratesin the “Very Severe’ category of 0.5+ feet of
bank recession per year generally only occur in Illinois on segments of channels scattered throughout steep
watersheds. If these rates were applied throughout the entire watershed, so much sediment would be
produced that the current stream systems could not move it through; it would pile up as huge sediment
bars that would block the actual flow of water. Bottom scour of some channels aso occurs in some
watersheds. Usually thisis not as noticeable or as severe as bank erosion for a given channel. Rates of
0.05 feet to 0.4 feet are typical where the scour is occurring. Include any scour erosion totals with the
bank erosion on the Channel Inventory Form. (Seefig. 17 for genera guidelines.)

For density, use avaue of 95 pounds per cubic foot for channels eroding through loess and silty aluvium.
For those cutting in glacid till, use avalue of 110 pounds per cubic foot.

A channel inventory form should be completed for each selected channel in each of the four (4) 160-acre
sampling units. Thetotal of al these forms gives us the estimated channel erosion in our 600-acre sample
unit. After walking the channel to measure the length and erosion for each, calculate a RATE of channel
erosion per linear foot of channel. Only by walking ALL the channels in each of the 160-acre units, would
one know exactly how many feet of channels occur within our 600-acre required sampling unit. If not,
then we need to estimate or measure the total number of feet of channelsin that 600 acres.

Expand the sample area to encompass the entire watershed. 1f, within the 600-acre sampling unit, 12,000
feet of channels were measured or estimated, then to expand this to the entire 6,000-acre, loping
watershed, simply multiply by 10 to arrive at 120,000 feet of channelsin the ENTIRE watershed.

In most watersheds, 100 percent of the channel banks are not eroding. Some channel systems may
actually be aggrading, or building up. A random, stratified sampling procedure should account for this.
Based primarily on field observations, one can verify the percentage of channels that are currently eroding.
In the example, which isin a non-bluff area, 120,000 feet multiplied by the rate of 0.035 tons per linear
foot equals 4,200 tons of sediment produced by channel erosion.

As mentioned earlier, both gully and streambank erosion were considered channel erosion and could be
calculated as a combined value as the previous example showed. However, to separate these within a
watershed to show differences or to isolate a particularly serious sediment source, then inventory and
calculate each separately, following the same procedure. On quadrangle maps, streams can sometimes be
separated from gullies by using the solid blue lines. Thisis especialy helpful for those who are not
physically familiar with the stream in that part of the watershed.
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j- Thefinal step isto determine how much of the sediment that is produced by the channel erosion actudly
moves into and through the stream system. Use a SEDIMENT DELIVERY RATE (SDR) for this type of
erosion and for each of the other types of erosion. This predicts sediment available for transport. If we are
dealing only with channel erosion, then the SDR is usually near 100 percent (or 1.0). If material is moved
from the wall of the gully or falls off the streambank itself, it is readily available for transport; use avaue
of 0.90 to 1.0 for this calculation. When channel erosion is due mostly to gullies, use 0.90, but if erosion
occurs equally between streams and gullies, use 1.0. This number is multiplied by the total sediment
number to arrive at the value of “sediment delivered to the ultimate sink” in the watershed. In our
example, 4,200 tons times 0.90 equals 3,780 tons delivered to the sink.

k. This vaue should then be combined with smilar totals for sheet, rill, ephemeral and other types of erosion
and sedimentation to give a complete picture of the erosion and sedimentation for the entire watershed.

Note: These detailed inventories should be conducted in their entirety with in-the-field inventories,
erosion computation, and the expansion of these results to the watershed by a factor. However, the
following procedure provides afirst-order estimate for the watershed planning process that does not
involve the extensive field work and sampling.

Simplified Procedure:

1. Match the Watershed Characteristics listed below to those in the inventoried watershed.

2. Refer to Figures 1 & 2 to assist in the watershed type determination.

3. Multiply the calculated gross sheet and rill erosion by the Channel Erosion value below that matches
the watershed type. See the Watershed Erosion and Sediment Yield Summary (figure 3).

Channel Erosion
10% of S& R

15%of S& R

20%0of S& R

Watershed Characteristics
Wide flood plains with meandering channels,
numerous upland wetlands and depressions,
diverse land uses scattered randomly throughout
the watershed, numerous large ponds or other
sediment traps, abrupt flattening of the main
stream gradient in downstream direction.

(TypeA)

Intermediate between Type A and Type B.
(TypeB)

Narrow flood plains with straight channels, well
drained convex uplands, uniformly

distributed land uses, main channel
uninterrupted by sudden gradient changes or
man-made obstacles.

(TypeC)

Note: The aboveisagenera rule of thumb, but judgment must also be used. If thereis significant
streambank or gully erosion greater than that listed above, for example in bluff-type watersheds along
major rivers, vaues as much as 10-20 percent greater than what is listed can be used.

1



Example Channd Eroson Inventory

For a 10,000 acre watershed located in a Type B Watershed, the gross sheet and rill erosion is 57,900 tons.
The Channel Erosion factor is 15%.
57,900tons x 0.15 = 8,685 tons (round to 8,700 tons channel erosion)

There is no evaluation needed for this source of erosion.

Total GrossErogon

To arrive a a Total Gross Erosion figure for our example, simply go to Column 4 of the Watershed Erosion
and Sediment Yield Summary (fig. 3) and add the values for Total Sheet and Rill, Total Ephemeral and Total
Channel Erosion.

This procedure gives an estimated current gross erosion figure for the entire watershed. The effect of added
conservation practices (cultural and structural) can be evaluated by substituting these new values into the
summary and then simply comparing values. Also, subwatersheds can be broken out, using this same
procedure with adjusted acreage.

Sediment Delivery Rate (SDR)

Only a portion of this Gross Erosion total actually is moved into a body of water (Seefig. 4). One of the
values used to help predict quantities delivered to the watershed outlet is the Sediment Delivery Rate (SDR).
Off-site sediment results in the degradation of water quality through delivery of the sediments, nutrients, and
chemicals to awater body. Sediment aso reduces water storage volume which impacts upon water supply and
recreational uses and diminishes the quality of fish habitat. Suspended sediments can aso increase water
treatment costs.

The SDR predicts the sediment that is available for transport at field edge. Thisis viewed as an on-site
sediment delivery figure and varies for each type of erosion. It can also vary for each different landscape
position and slope. For our generalized purposes, only one SDR will be applied to each erosion type.
However, most watersheds have several SDR’s for each type of erosion.

Sheet and Rill

Sheet (interrill) and rill erosion have SDR base values that range from literally “0” in depressional areas to
0.65 on dopes 10% and greater. An average on-site sediment delivery rate (SDR) of 0.25 on slopes 5% and
less and 0.55 on dopes 10% and greater are good numbersto use. Select one of these numbers or use an
average for a combination of dopes and put this value in Column 5 (fig. 3) for al sheet and rill erosion dopes
and land uses. Multiply Column 5 by Column 4 and place this value in Column 6. Total this Column.

Ephemeral

Ephemeral erosion produces sediment that, in general, has a much more direct path into the stream system. In
some cases, there will be an area prior to the entrance into the delivery system where some sediment
deposition occurs (Seefig. 4). Asan average, usea0.75 SDR. Put this number in Column 5 and multiply by
the Ephemeral Gully Erosion number in Column 4. Put the total in Column 6 under Ephemeral Gully
Erosion (fig. 3).
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Channe

Channel erosion delivers sediment directly into the stream system. Use avalue of 0.85 to 1.0 for the SDR,
depending on the predominance of gullies versus streams. Put this number in Column 5 and multiply by the
value in Column 4 for Channel Erosion. Put total in Column 6 under Channel Erosion Sources.

The Total Watershed Sediment in Column 6 of the Watershed Erosion and Sediment Field Summary (fig. 3)
now provides an estimate of the sediment that is available for transport or, in other words, ready to be moved
through the stream system (Off-site).

Sediment Transport Factor (STF)

The other value needed to estimate sediment entering the lake is called the Sediment Transport Factor
(STF). This number predicts the efficiency and effectiveness of the entire stream system in moving sediment
through it (fig. 4). Generally, use only one STF for each watershed. This number is based on stream density,
slope, drainage coefficients, soils, roughness coefficients, etc. It aso changes with the size of watershed. The
larger the watershed, the less efficient it isin moving sediment, because there are so many more places for the
sediment to be deposited.

For watersheds up to 20,000 acresin size, a chart has been provided (fig. 5) that allows a STF to be deter-
mined. A channel system with low transport efficiency entraps the sediments as they move through, thus less
sediment is delivered to the lake or stream outlet. High transport efficiency channels have less sediment
entrapments and thus produce higher sediment yields.

The following are some of the characteristics describing channel efficiency:

Efficiency Watershed Characteristics
Low Wide flood plains with meandering channels, (Seefig. 1A, 1B)

numerous upland wetlands and depressions,
diverse land uses scattered randomly throughout
the watershed, numerous large ponds or other
sediment traps, abrupt flattening of the main
stream gradient in downstream direction.

(TypeA)
Medium Intermediate between Type A and Type C.
(TypeB)
High Narrow flood plains with straight channels, well (Seefig. 2A, 2B)

drained convex uplands, uniformly
distributed land uses, main channel
uninterrupted by sudden gradient changes or
man-made obstacles.

(TypeC)

For watersheds larger than 20,000 acres in size, a Sediment Transport Factor rating guide will need to be used.
This chart is based on watershed characteristics, but is specific to each part of the state.
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Summary

Knowing the total watershed area and estimating the Sediment Transport Factor (STF) from the table, a total
estimate of sediment reaching the lake (or any such watershed outlet) can be determined. The STF is
multiplied by the Total Watershed Sediment to obtain the total tons of sediment entering the lake on an
average annual basis (fig. 3). This estimate is accurate for planning purposes and general discussion
concerning conditions in the watershed. It is NOT accurate enough to use for engineering design purposes.
For this, a more detailed inventory of channel erosion would be necessary on an individua sub-watershed
basis. (Seefig. 18 for example of data produced and summarized. See Example Sediment Report, pg. 49, for
presentation of the summary data.)

Note: To convert tons to acre-feet, use the following formula:

Tons Sediment
X 0.04591 = Acre-Feet
Density

For Density, use a value of 95 pounds per cubic foot for sediment coming from predominately |oess soils or
silty alluvial soils and value of 110 pounds per cubic foot for glacial till soils or coarse-textured aluvium.
These values are for “aerated” sediments or in other words, those that are NOT deposited INTO any kind of
water body. Thus, they have an opportunity to dry out. Density values of 40 to 50 pounds per cubic foot are
more appropriate for submerged sediments that are deposited directly into abody of water. What this saysis
that the same tonnage of sediment will occupy much more volume if it enters a permanent pool of water.

R. D. Windhorn 2/01

Watershed Eroson and Sedimentation Summation Process

( Sheet and Rill Erosion Rate for Cropped* A /B slopes x Acres x SDR 1)
( Sheet and Rill Erosion Rate for Cropped* C/D slopes x Acres x SDR2)
( Sheet and Rill Erosion Rate for Pasture* x Acres x SDR3)

( Sheet and Rill Erosion Ratefor Timber*  x Acres x SDR4)

( Sheet and Rill Erosion Rate for Urban* x  Acres x SDRY5)

( Ephemeral Rate x Acresof affectedcropland x SDR6)
(Gully Erosion Rate x  Feet of eroding gullies x SDR7)

( Streambank Erosion Rate x Feet of eroding streambank x SDR 8)

sum equals
Subtotal of Sediment Available for Transport
times
Sediment Transport Factor ( STF)

product equals

Total Suspended Sediment Deliver ed to Water shed Outlet

* Can be further subdivided

14



Reminders

Other Issuesto Condder

Consgtency! Consistency! Consstency!

Rates of eroson are needed to complete the summary.

Useguiddines. Do not overestimate channd erosion in the entire watershed

Sheet and rill data can be gathered using different methods. Don't get bogged down!
Use common sense to dedl with field problems that arise.

Use your normd inventory process. Don't adjust your methods to fit this procedure.

Obtain acreage figures for each land use break in the watershed.

L ocal people must be comfortable with data gathering and results.




-Photo  1-
AverageAnnual Rate of Recesson

Sight Rate0.03 or less
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-Photo  2-
AverageAnnual Rate of Recesson

Entire block has
slumped, but stream S
currently impacting
only lower two feet

of eroding bank
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-Photo  3-
AverageAnnual Rate of Recesson

Feeding
Material

to
25" Actively
Eroding
Bank
Eroding
* Bank
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-Photo 4-
AverageAnnual Rate of Recesson

Severe Rate0.40

= Slump
- Material T4
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-Photo 5-
AverageAnnual Rate of Recesson

Very Severe Rate0.5
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-Fiaure 1A-

L ow Channd Transport Efficiency
TypeA

5 M

SPRINGFIELD 27 M.
SHARPSBURG

>

M 12'30" ol |

OWANECD 1.5 MY 30\
FAMA 1 ML

Widely-spaced lines indicate low sopes.
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-Figure 1B-
L ow Channd Transport Efficiency
TypeA
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-Fiqure 2A-

High Channd Transport Efficiency
TypeC

Steep slopes are indicated by closely-spaced lines.
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-Figure 2B-

High Channd Transport Efficiency

TypeC




-Figure 3-

Watershed Erosion and Sediment Yield Summary

Present Conditions

Eroson Sediment Yield
Slope Area Average Rate Gross DR Yied
Group Ac. T/IAIYT T T
Sheet and Rill Erosion:
Cropland “A” 2400 2 4,800 06 2900
“A” 300 6 1800 06 1100
“B” 500 4 2,000 06 1,200
“B” 2500 8 20,000 06 12,000
“«c 300 4 1,200 06 700
“er 800 13 10,400 06 6,200
“D” 100 4 400 06 20
“D” 400 5 10,000 06 6,000
Grassland All 400 2 800 06 500
All 100 12 1,200 06 700
Woodland All 800 1 800 06 500
All 20 20 4,000 06 2500
Urban Land All 500 1 500 06 300
Water Area - 500 - - - -
Total Sheet and Rill Erosion 57,900 XXX 35,000
Total Ephemeral Gully Erosion 7,200 0.85 6,120
Total Channel Erosion 8,700 10 8,700
Total Water shed 10,000 73,800 49,820
Sediment Yield Off-Site(STF = 0.38) 0.38 x 49,820 = 18,900
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-Figure 4-
Sediment Ddlivery and Trangport

Sheet and Rill Erosion

Deposition <<<< >>>> Movement on-site & off site

Depression, field edges,

farm ponds, conservation SDR#1
structures | |
(silt and clay) Concentrated flow Sheet flow
/
Ephemeral Erosion
Deposition <<<< >>>> Movement on-site & off site
| |
Depression, field edges, SDR #2

heads of gullies, slope
breaks, farm ponds, conservation
structures

(glt, clay, vf & f sand)

/

Gully Erosion

Deposition <<<< >>>> Movement on-site & off site

Road culvert cutoffs, highway
cutoffs, ponds, road ditches, SDR #3

gully channd itself, gully /

flood plain
(slt, sand & gravel)

Streambank Erosion

Deposition <<<< >>>> Movement on-site & off site

Flood plain, within channel SDR #4

itself, channe sides, wetlands

R. D.Windhorn 11/13/00

Sheet
flow on
adjacent
slopes
can enter
the body
of water
directly

Strealm System

(sand, gravel & cobbles)
Sediment Transport Factor (STF)
|
L ake/Structure/River
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-Figure 5-
Channd Trangoort Factor
STF

Watershed Area Water shed Efficiency
(Acres) M edium

0-1,999 0.64
2,000 - 3,999 0.51
4,000 - 5,999 0.45
6,000 - 7,999 0.42
8,000 - 9,999 0.40
10,000 - 11,999 0.38
12,000 - 13,999 0.37
14,000 - 15,999 0.36
16,000 - 17,999 0.35
18,000 - 20,000 0.34
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-Figure BA - R. D. Windhorn 7/00

Channd Inventory Form

Watershed Name Date

Start Transect at Transect No.

Type of Channel Erosion

L (x) H (x) Lat. Rec. Rate (x) Density / 2000 = Tons/ Year

Lateral Erosion Comments
Recession Rate (tonslyr)

(ftiyr)

Total = XXXXX XXXXXXX XXXX
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P\’E _Figure 6B- R. D. Windhorn 7/00

7& Channd Inventory Form
ershed Anywhere Watershed Name R. D. Windhorn Date12/25/00
Start Transect at E-W Road, Go North 1300’ Transect No. 1-A

Type of Channel Erosion _ Streambank

L (x) H (x) Lat. Rec. Rate (x) Density / 2000 = Tons/ Year

Lateral i Eroson Comments
Recession Rate (tonslyr)

(ft/yr)

0.13 1.2
0.03 0.1
0.03 0.1
0.4 11.4
50 6 0.4 5.7
50 0.13 0.3
300 . 0.03 0.2
300 | 0.13 2.8
150 0.3 4.3
150 0.03 0.2
300 . . 0.2
7.4
200 . 1.4

1300

Total = 1300 xxxxx XXXXXXX xxxx 61.7T (95 #/foot
of streambank)
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-Figure 7- R. D. Windhorn 6/99

L ateral Recesson Rates

Gully Erosion

Lateral

Recession
Rate Ave. Category Description
(ft/yr) (ft/yr)

0.01-0.05 0.03 Slight Some bare bank but active erosion not readily
apparent. Some rills, but no vegetative overhang.
No exposed treeroots.

0.06-0.2 0.13 Moderate  Bank is predominantly bare with some rills and
vegetative overhang. Some exposed tree roots. No
dumps. Gullies generdly V-shaped.

0.3-05 0.40 Severe Bank is bare with rills and severe vegetative
overhang. Many exposed tree roots and some
fallen trees. Slumping or rotational dips are
present. Some changes in cultural features, such
as fencelines out of alignment or pipelines
exposed. Gullies becoming more U-shaped as the
lower part of the channel erodes. Knickpoints
present in channel bottom.

05-20 15 Very Severe Bank is bare with rills and severe vegetative

overhang. Many exposed tree roots and fallen
trees. Slumping of sidewalls quite evident.
Gullies are U-shaped, with vertical sidewalls at
base of channels. Knickpoints present in
channel bottom, with overfals of 2 feet and
greater possible. Soil material has often
accumulated at base of dopes.

What recession rates mean:

at 0.01 feet / year and 90 pcf equals 20 tons / acre / year
at 0.05 feet / year and 90 pcf equals 100 tons/ acre/ year

visiblerills on the bank equals 12 tons/ acre / year

NOTE: at 90 pcf, 1 acre-foot equals 2000 tons

30



-Figure 8- .
R. D. Windhorn 6/99

L ateral Recesson Rates

Streambank Erosion

Lateral
Recession
Rate Ave. Category Description
(ft/yr) (ft/yr)
0.01-0.05 0.03 Sight Some bare bank but active erason not reedily
goparent. No vegetative overhang. No exposed tree
ro